We found that Mycobacterium porcinum ATCC 33776T (T = type strain) contains a new kind of mycolic acid with a methoxy group at the w-1 position. This mycolic acid was identified by comparing it with the previously described methoxymycolic acids. The patterns of mycolic acid methyl esters from 418 strains belonging to 44 species of mycobacteria were studied by using thin-layer chromatography. In addition to M . porcinum ATCC 33776T, representative strains of M. porcinum, Mycobacterium fortuitum, "Mycobacterium peregrinum," Mycobacterium senegalense, and a recently isolated Mycobacterium sp. contained appreciable amounts of the newly described mycolic acid.
structures of mycolic acids have proved to be valuable criteria in the classification and identification of members of these taxa (1, 2, 6, 11, 15, (19) (20) (21) (22) (23) 28) . Two types of nonoxygenated mycolates (with ethylenic double bounds or cyclopropane rings in their longest chains [the mero-chains]) and four types of mycolates with oxygenated functions in their mero-chains (methoxymycolates, ketomycolates, epoxymycolates, and wax ester mycolates) have been identified in the genus Mycobacterium (1-3, 5-9, 13, 18, 25, 26) . Recently, a fifth type of oxygenated mycolate was found in a Mycobacterium sp. isolated from the environment (17). Structural analysis showed that this mycolate contained a methoxy group at the 0-1 position (instead of the 0-17 or 0-18 position, as in previously described methoxymycolates) and two double bounds in the long mero-chain (instead of the one double bond found in the previously described mycolates with oxygenated groups). Thin-layer chromatography showed that the Mycobacteriurn porcinum type strain contains, in addition to a-and epoxymycolates (16) , a more polar component with the same chromatographic behavior as the w-1 methoxymycolate mentioned above. In this study we found that the structure of the most polar mycolic acid of the M . porcinum type strain is the same as the structure of the recently describe 0-1 methoxymycolate, and the patterns of the mycolates of representative strains of 44 mycobacterial species were investigated to assess the distribution of the novel 0-1 methoxymycolate.
MATERIALS AND METHODS
The sources of the 418 strains selected for this study are shown in Table 1 . All of the strains were identified by conventional methods (27, 29, 30) . For isolation of lipid components, bacteria were cultivated on plates of Middlebrook 7H10 agar and incubated at 37°C in 5% CO, for 21 days, except as noted below. Strains of Mycobacterium fallax, Mycobacterium marinum, Mycobacterium gadium, * Corresponding author.
Mycobacterium aichiense, Mycobacterium chubuense, Mycobacterium obuense, and Mycobacterium rhodesiae were incubated at 30"C, and Mycobacterium thermoresistibile strains were incubated at 42°C.
Analysis of mycolic acids. Saponification was performed by treating wet organisms with a 5% (wt/vol) potassium hydroxide solution in methanol-benzene (8:2, vol/vol) and heating the mixture overnight under reflux. After acidification with 20% sulfuric acid, fatty acids were extracted in diethyl ether and methylated with diazomethane. To check for the presence of epoxymycolates, an acidic methanoly sis procedure (23) was performed. This treatment destroyed epoxydes and transformed them into much more polar compounds.
The patterns of rnycolates were obtained on high-performance thin-layer chromatographic plates (10 by 10 cm; HPTLC Alufolien Kieselgel 60 F254; Merck) by using either double development with petroleum ether-diethyl ether (85: 15, vol/vol) (solvent A) or dichloromethane (solvent B). The positions of separated components were revealed by spraying the plates with a 10% solution of molybdophosphoric acid in ethanol, followed by charring.
Purification of mycolates from M . porcinum. Crude methylmycolates from the M . porcinum type strain were obtained by precipitating them in methanol. They were then fractioned on a Florisil column by eluting them with increasing concentrations (up to 20%) of diethyl ether in light petroleum ether (boiling point, 50°C). Final purification of mycolates was performed by preparative thin-layer chromatography, using CH2C12 as the solvent. Spots were detected by spraying the plates with rhodamine B (0.01% in 0.25 M phosphate buffer). Mycolates were recovered from the gels by eluting them with diethyl ether, and rhodamine B was removed by passing the preparation through a short Florisil column (0.5 by 2 cm).
Instrumentation. Gas chromatography was performed by using a Perkin-Elmer model 8310B gas chromatograph equipped with a fused-silica wide-bore column (12 m by 0.53 mm [inside diameter]) with BP1 as the stationary phase. The column temperature was programmed to increase at a rate of 3"C/min from 140 to 260°C. The injector and detector temperatures were set at 260 and 290"C, respectively. For pyrolytic gas chromatography the injector temperature was set at 400°C.
Nuclear resonance spectra were obtained with either a Clinical isolates included strains isolated from human patients. The other sources were animals and several environmental sources. A total of 418 strains were These strains were identified by using standard cultural and biochemical properties as M. avium-M. intrucellulure. Rapidly growing nonphotochromogenic mycobacteria belonging to a new taxon. included in this study.
200-MHz Brucker instrument or a 300-MHz Brucker instrument by using deuterochloroform as the solvent.
RESULTS
Structural analysis of the more polar component of the M . porcinum type strain. The mycolate chromatographic pattern of M. porcinum ATCC 33776T (T = type strain) revealed the presence of nonoxygenated mycolates and two types of more polar oxygenated mycolates. One of these was identified as epoxymycolate since it had the same chromatographic behavior as known epoxymycolates in both solvent A and solvent B (Fig. l) , and the corresponding spot disappeared when acid methanolysis was used (23) . The infrared spectrum of this mycolate was consistent with the presence of a trans-epoxide ring (900 cm-l). The most polar oxygenated compound was stable under acidic and alkaline conditions, and its Rf values were similar to those of the newly described w-1 methoxymycolate with both solvent systems (17); we found that the migration of this compound olr between the Rf values of epoxymycolate and wax ester nnycolate (solvent A) (Fig. 1) .
The structures of the two oxygenated mycolates were examined by comparing our 'H nuclear magnetic resonance data with previously published data in order to check whether both oxygen groups were located at the methyl end of the mero-chain. The presence of the 0-1 methoxy moiety was ascertained by identifying a signal that was assignable to ai methoxy group at S 3.35 ppm and a doublet at S 1.1 ppm characteristic of a methyl group attached at the carbon bearing an oxygen, suggesting the known structure for this mycolate (17). 'H nuclear magnetic resonance data for the epoxymycolate eliminated the possibility that this group was in the w to 0-2 region but were consistent with the structure of known epoxymycolates (24) .
Distribution in mycobacterial species. The results of the thin-layer chromatographic analysis of methylmycolates showed that in addition to the M. porcinum type strain, two other reference strains belonging to the same species cont ained appreciable amounts of the more polar component that was structurally identified as 0-1 methoxymycolate. This component was also present in two Mycobacterium sp. isolates obtained from clinical specimens and four Mycobacz'erium sp. strains obtained from environmental sources (Tables 1 and 2 ), as well as in all representatives of Mycobacterium senegalense examined and in all reference strains of Mycobacterium fortuitum and L'Mycobactenum perepii~zum" analyzed except M. fortuitum ATCC 6841T and "M. peregrinum" TMC 1545 ( Fig. 1 and Tables 1 and 2) . Moreover, the novel mycolate was present in detectable amounts iin 16 strains of M. fortuitum and in 17 strains of "M. peregrinum" isolated from environmental and clinical sources. M. fortuitum and "M. peregrinum" could not be ldifferentiated on the basis of this new criterion. In all representative strains of Mycobacterium smegmatis and in some strains of M. fortuitum and "M. peregrinum" the w-1 methoxymycolate was detected only when a large amount of lipid extract was analyzed. To confirm the presence of very small amounts of this mycolate in these strains, the use of preparative chromatographic techniques is required. The w-1 methoxymycolate was not detected in any of the 39 other mycobacterial species studied.
DISCUSSION
Chemotaxonomy offers a fruitful viewpoint on mycobacterial systematics and thereby contributes much to our understanding of the integrity and diversity of the genus Mycobacterium (10, 11) . It has also been pointed out repeatedly that lipid analysis is of prime importance in separating mycobacteria from other mycolic acid-containing taxa (1, 10, 11, 19, 20, 22) .
Mycolic acid-containing bacteria are unusually rich in lipids, and structural discontinuities that exist among the various lipids have been exploited both for classification and for identification. Mycolic acid analyses, in which a number of techniques of varying sophistication are used, have been particularly effective in providing data for definition of the genus Mycobacterium, for separation of this genus from related taxa, and for recognition of some of the variation that it encompasses (1-23, 25, 26, 28) . Examinations of a variety of mycobacteria have shown that several patterns of mycobacterial mycolates occur (2, 4, 15, 21) . Much work has been done to elucidate the structures of mycolic acids, as evidenced by the extensive literature on this subject. Thus, mycobacterial mycolic acids can be recognized by their structural complexity, high molecular weights (60 to 90 carbon atoms), and lack of components having more than two unsaturations in the molecule (2, 10, 20) . To date, in the genus Mycobacterium only M . fallax has shown the presence of tri-and tetraunsaturated "true" mycolic acids (26) .
In addition to the recently described 0-1 methoxymycolate (17), the following six other types of mycobacterial mycolic acids are known: long nonoxygenated mycolates, also referred to as a-mycolates (8, 9); short nonoxygenated mycolates called a'-mycolates (13); and four oxygenated mycolates, designated methoxymycolates (5, 25) , ketomycolates (25) , epoxymycolates (3), and wax ester mycolates (7, 18) .
As the mycolic acids contain various chemical functional groups, it is easy to analyze their methyl esters by thin-layer chromatography. The methyl esters of mycolic acids were found to migrate on thin-layer chromatography plates more in accordance with the nature of their characteristic functions than with other differences in their molecular structures (14) . The a-branch, except for length, is essentially invariant in all groups of mycolic acids. To date, the oxygenated functions in all oxygenated mycolates (methoxymycolates, ketomycolates, and wax ester mycolates) and even in the recently described epoxymycolate from M . fortuitum have been found in the central part of the mero-chain, between positions 0-17 and 0-21 (3, 5, 7-9, 13, 18, 25). The w-1 methoxymycolate is the first oxygenated mycolate in which the oxygenated function (methoxy group) is located in the penultimate carbon of the mero-chain. Because this novel mycolate either was the only oxygenated mycolate detected, as in Mycobacterium sp. strain CR21 (17), or was accompanied by epoxymycolate (Table 2) , we thought that it would be interesting to confirm the epoxide ring position in the case of the M . porcinum type strain, which contains both epoxymycolate and 0-1 methoxymycolate, although the migration of the former indicated that it has the same structure as the M . fortuitum epoxymycolate (3).
In agreement with chromatographic behavior, 'H nuclear magnetic resonance data for the epoxymycolate from the M . porcinum type strain confirmed the traditional position of the epoxide ring (w-17 to 0-21). The structure proposed for the methoxymycolate fit well with the unusual chromatographic behavior of this compound, since a methoxy group on the penultimate carbon of the mero-chain is expected to result in a significantly higher polarity of the molecule compared with a methoxy group buried in the middle of an aliphatic chain. Moreover, the presence of an ether oxide group explained the large Rf value variations found in the results obtained with thin-layer developing solvents A and B (17), since diethyl ether can compete efficiently with the methoxy group of the mycolate for adsorption sites on thin-layer chromatograms.
The results of the survey of the mycolic acid compositions of the 418 strains which we examined warrant some comments. The 0-1 methoxymycolic acid was found only in rapidly growing mycobacteria, such as M. fortuitum, " M . peregrinum," M . senegalense, and M . porcinum. In these cases, the 0-1 methoxymycolate is always accompanied by w-17,0-18 epoxymycolate. It is worth noting that the structures of these two mycolates are not related, whereas the structures of the other known oxygenated mycolates (epoxymycolates, ketomycolates, methoxymycolates, and wax ester mycolates) are, suggesting that there are different enzymatic reactions for their synthesis. In one case (Mycobacterium sp.) the w-1 methoxymycolate represents the only oxygenated compound (Fig. l) , and this original pattern could be one of the criteria used to describe a new species.
